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Abstract Stretching in the warm-up was been shown to
decrease several muscular performance variables, but the
dose-response of this effect is unknown. This study
documented the change in isometric grip strength over
ten trials in a convenience sample of young adults ran-
domly assigned to control (n=22) or repeated bouts of
10-s static stretches of the wrist flexors (n=35). There
was a significant (P<0.05) difference in the change in
mean normalized grip strength between the control and
stretching groups that was not significantly different
across gender. Grip strengths in the control group were
consistent with a linear trend, while the grip strengths in
the stretching group declined in a logarithmic fashion to
88.8% with 100 s of stretching. Statistically significant
(P<0.05) differences in normalized grip strength be-
tween the two groups appeared after 40 s of stretching.
Meaningful decreases in isometric grip strength follow-
ing static stretching are likely to appear in young adults
following 20–40 s of static stretching.
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Introduction

Several studies have reported significant decreases in
muscular strength following stretching (Avela et al.
1999; Evetovich et al. 2003; Fowles et al. 2000; Nelson
and Kokkonen 2001; Nelson et al. 2001; Rosenbaum
and Hennig 1995; Kokkonen et al. 1998). This strength

deficit is a result of decreased contractile forces and
neuromuscular drive (Avela et al. 1999; Fowles et al.
2000) and persists for about 60 min (Fowles et al. 2000).
These decreases in muscular performance were also ob-
served in complex movements like jumping (Cornwell
et al. 2001; McNeal and Sands 2003; Young and Behm
2003).

Some studies of this phenomenon and the viscoelastic
response of human muscles have used unusually long
(90 s to over 30 min) and possibly unrealistic stretching
protocols for individual muscle groups in actual practice
(Avela et al. 1999; Fowles et al. 2000; Kokkonen et al.
1998; Magnusson et al. 1996; Rosenbaum and Hennig
1995). It is not clear what dose of stretching induces
significant decreases in muscular performance, and it is
possible that a dose-dependent effect of stretching could
explain why some studies have reported non-significant
trends of decreased muscular performance following
stretching (Knudson et al. 2001, 2004; Koch et al. 2003;
Thigpen 1989; Young et al. 2004). The purpose of this
study was to document the time course of decreases in
isometric grip strength following repeated 10-s static
stretches of the wrist flexors. It was hypothesized that
stretching would result in a greater decrease in grip
strength than not stretching.

Methods

A convenience sample of 57 young adults (33 males and
24 females) from two universities gave informed consent
to participate in the study. Twenty-two of the subjects
were randomly assigned to control group with the
remaining 35 subjects assigned to a stretching group.
Subject demographics and initial grip strengths were
similar between the two groups.

The subjects reported basic demographic information
and were instructed on the experimental protocol. The
protocol consisted of a warm-up routine followed by 14
three-second maximal isometric grip strength tests with
a hydraulic hand dynamometer (Jaymar 5030J1).
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Dynamometer calibration was checked before and after
the study. Subjects performed grip strength tests in a
standing position with their dominant arm extended, in
neutral forearm pronation/supination and wrist flexion/
extension. The grip width of the dynamometer was
placed in the middle position that corresponded to width
(5–6 cm), where maximum strength occurs for both men
and women (Petrofsky et al. 1980). Isometric grip
strength is a reliable variable with considerable norma-
tive data (Mathiowetz et al. 1985) and clinical utility
(Richards and Palmiter-Thomas 1996).

The warm-up consisted of 1 min of gradual swinging
a tennis racket with wrist flexion and extension in the
transverse plane. Subjects performed four maximum
grip strength tests with 1-min rest between tests to
complete the warm-up and learn the strength testing
protocol. Previous research has shown that three to four
trials are needed to eliminate warm-up and learning ef-
fects in maximal grip strength testing (Dunwoody et al.
1996). The largest grip strength of the four tests was
recorded as the initial grip strength.

After a 1-min rest, the subjects then performed 10
three-second maximal grip strength tests separated by 1-
min intervals. This 1-min inter-test rest was shown to
provide stable repeat grip strength recordings (Reddon
et al. 1985; Trossman and Li 1989). During the 1-min
rest interval, the control subjects did nothing while the
stretch subjects performed a 10-s static stretch of the
wrist flexors half way through the rest interval.
Stretching subjects were instructed to passively pull the
fingers of the dominant hand with their opposite hand
and ‘‘hold just before the point of discomfort’’ to per-
form stretches of the wrist flexor muscles. Subjects per-
formed the stretch in a standing position, with their
shoulder flexed (to horizontal), forearm supinated, el-
bow extended and wrist hyper-extended.

To facilitate comparisons and to decrease variability
due to differences in size, grip strengths were expressed
as a percentage of the initial grip strength. Mean nor-
malized grip strengths for the control and stretching
groups were examined with a 2 by 2 (group by gender)
repeated-measures MANOVA using JMP (SAS Insti-

tute) software. Statistical significance was accepted at
the P<0.05 level and a significant effect of stretching
across trials was followed up by t tests between the
control and stretching group. The pattern of mean
normalized grip strengths over time were modeled by
best-fitting polynomials.

Results

Mauchly’s test of sphericity was significant (P<0.05), so
the Greenhouse-Geisser adjustments were used. There
was a significant (F=13.3, P<0.0001) effect of trials on
mean normalized grip strength. There was no significant
(F=0.69, P<0.65) interaction of gender and time or
three-way interaction (trials�gender�group), so sub-
sequent analyses collapsed data across gender. The sig-
nificant (F=2.89, P<0.01) interaction of trials and
group indicated that the change in grip strength across
trials in the stretching group was different from the
control group. This difference was mirrored by a linear
best fit (r2=0.60, SEE=1.2%) to the control group
data, but a logarithmic fit (r2=0.92, SEE=0.7%) to the
stretching group data (Fig. 1). The mean normalized
grip strengths and t test comparisons between trials of
each group are reported in Table 1. Statistically signifi-
cant (P<0.05) differences in mean normalized grip
strength between the control and stretching group began
after 40 s of static stretching (Table 1).

Discussion

The variability of mean normalized grip strength across
trials in the control subjects was quite small
(SD=1.8%), demonstrating that the experimental pro-
tocol minimized confounding effects of learning or fati-
gue. This variability was within normal variation (CV 4–
5%) of maximal grip strength tests (Dvir 1999; Hamil-
ton-Fairfax et al. 1995). Mean grip strength in the
control group was best fit by a linear equation
(SEE=1.2%) that predicted a gradual decline in

Fig. 1 Mean normalized grip
strength across trials. Control
group data (filled diamond) were
best fit by a line
[NGS=98.3�0.42�trial] and
stretch group data were best fit
by a logarithmic function
[NGS=95.7�3.0log(trial)]
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strength to a clinically meaningful level (5%) over nine
trials (Fig. 1). This was nominally better than conclud-
ing there was no change in grip strength, where fitting
the mean had a SD of 1.8%. Previous research has
shown nearly flat linear trends in repeated grip strength
tests separated by 1 min (Reddon et al. 1985).

The MANOVA and curve fits supported the
hypothesis of a greater decrease in isometric grip
strength following stretching. This effect did not differ
across gender. Grip strength following stretching
showed an exponential decline that was best fit by a
logarithmic function. Strength decreases with additional
stretching continued up to 11.2 percent after 100 s of
stretching. The leveling off of strength decrements par-
allels the exponential changes in range of motion and
stress relaxation following repeated bouts of stretching
(Magnusson 1998; Taylor et al. 1990). While the loga-
rithmic function shows an immediate decrease in iso-
metric grip strength following stretching, there are
several factors that must be considered in establishing
the dose-response of stretching to decreases in strength.

Factors affecting dose-response between stretching
and muscular strength are between-subject variability,
statistical significance, and clinical significance. There
was some variability in the response of subjects to re-
peated testing and the response to stretching (see SD in
Table 1) that likely contributed to the statistically sig-
nificant (P<0.05) differences between the control and
stretching group appearing after 40 s of stretching.
Physiologically meaningful decreases in grip strength in
normal subjects could considered to be five percent,
which could support a conclusion of a 20 s dose (log fit
in Fig. 1) of static stretching to create meaningful mean
decrease in grip strength. It is likely that a static
stretching dose between 20 s and 40 s is required to
decrease isometric grip strength in most young adults
like the ones studied.

This study was limited to the responses of a conve-
nience sample of young adults, who would be repre-
sentative of moderately to vigorously active young
persons. It is not clear how these results on the isometric
strength of the forearm and hand might related to other
high-force muscular performance in other muscles

groups or subject populations. More research is needed
on the dose-response of stretching on muscular perfor-
mance in a variety of muscles, movements, and subject
populations.

In summary, static stretching of the forearm and
hand resulted in significant decreases in isometric grip
strength in young adults. The shape of this decrease is a
logarithmic function, with clinically meaningful de-
creases in strength beginning to emerge between 20 s and
40 s of static stretching.
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